The purpose of this study was to determine the immediate effects of Thai massage on gait parameters including stride length, step length, step width, and gait speed, hamstring flexibility, trunk flexibility, and hip, knee and ankle range of motion while walking in normal adults aged 19-25 years. A randomized crossover trial was used. Thirty healthy subjects (17 females and 13 males) with the tightness of hamstring muscles as indicated by a straight-leg-raising (SLR) ranged between 40 to 70 degrees participated. Each of them received a session of 1-hour Thai massage and a controlled condition of 1-hour resting on a bed with a 2-day washout period. Changes in all parameters between Thai massage session and control session results were analyzed by independent t-test. Changes between pretest and posttest for both sessions were performed by dependent t-test. Significantly differences were found between-group comparison in hamstring flexibility (4.88º; 95%CI, 1.52 to 8.23), trunk flexibility (2.35 cm.; 95%CI, 1.25 to3.45), step length (1.94 cm.; 95%CI, 0.40 to 3.47), and stride length (4.77 cm.; 95%CI 2.12 to 7.41) (p<0.05). However, no differences were found in changes of gait speed, the range of motion of hip, knee, and ankle. We concluded that one session of Thai massage could provide immediate effects to improve some gait parameters, body flexibility, and hamstring flexibility.
INTRODUCTION
Walking is the important ambulatory activity in every day. There are many benefits of walking. A 30-minute walking affects to improve mental health and physical health. It may increase endorphin production to easing stress, tension, anger, fatigue, and confusion and improve sleep quality and cognitive performances [1] . Walking is also one of the best choices of physical activity to decrease and prevent risks of non-communicable diseases such as diabetes, heart diseases, osteoporosis, Alzheimer disease and cancer [2] .
According to the lifestyle of people nowadays, they will easily have the abnormal signs of musculoskeletal system such as muscle tightness and decreased of flexibility, by prolonged abnormal postures [3] . Furthermore, prolonged abnormal postures may lead to decrease walking performances because muscles get tightness and decreased flexibility. Muscles that mostly be activated while walking are Hamstrings, Quadriceps, Gastrocnemius, Soleus, Tibialis Anterior, Hip Flexors and Hip extensors. Therefore, if these muscles become tightness, they will be decreased flexibility and affect walking performance such as short step length, decreased step width, decreased walking speed, and abnormal posture [4] .
Recently, Thai massage has become a popular treatment of massage therapy for Thai people. Some studies suggested that Thai massage help improve body flexibility and range of motion that is important for walking performance. However, there is no evidence of effects of Thai massage to walking performance in normal adults. This study aimed to examine the immediate effects of Thai massage on gait parameters in normal adults.
METHOD

Design and Setting
individuals who had experienced tightness in legs to volunteer to take part in the study. Participants for inclusion in this study were selected by a physical therapist who conducted a detailed physical examination and collected baseline data. Participants must not have evidence of underlying disease or anatomical abnormalities. (e.g. malignancy, osteoporosis, spondylolisthesis, scoliosis, herniated nucleus pulposus, and spondylosis)
Intervention
A whole body of Thai Massage session was used as an intervention in this study. The 1-hour Thai massage protocol consisted of deep pressure massage and stretch on major muscles of the body. Firstly, therapist applied gently and deep thumb pressure massage along the meridian lines that covered neck, back, lower and upper extremities and foot consequently ( Fig. 1 -11 ). Thumb pressure was maintained at each point on the meridian lines for 5-10 seconds each point and repeated 3 times. The intensity of thumb pressure was not exceeded pressure pain threshold of participants and was adjusted by the therapist. After massage session, the therapist applied gentle stretch for those muscles including calf, hamstring, and quadriceps as shown in Fig. 12 
Randomization
Thirty participants who met the above inclusion/exclusion criteria were recruited and randomly allocated into one of the two groups using block-randomized allocation with block sizes of 2 and 4. The groups were assigned using a pre-generated random assignment scheme enclosed in envelopes, which resulted in a total of 15 participants per group.
Treatment
Participants in group A received an hour Thai massage and took a rest in supine lying position after taking Thai massage 2 days later. Whereas participants in group B took an hour rest in a supine lying position and 2 days after they took a rest, they received one-hour Thai massage. The same preassessments and post-assessments were conducted on both groups.
In keeping with the recommendation of Khon Kaen University's ethical committee, all participants gave informed consent before participation in the study.
ASSESSMENT
Prior to and following Thai massage and control sessions, all outcome measures were assessed by one physical therapist. Details of outcome measures and assessments are described below.
Gait Parameters
Gait parameters were assessed by walking in preferred gait speed on 10-meter ink-mat footprint walkway. Outcomes consisted of stride length, step length, and step width. [4] Kinovea program (version 0.8.15) was used to measure a range of motion of hip, knee, and ankle while walking and preferred gait speed.
The range of motion of the hip, knee, and ankle was measured by recording the video while walking at heel strike and toe-off phases. Prior to walking, markers were placed at the shoulder joint, greater trochanter, lateral epicondyle, lateral malleolus and middle phalange of the participants.
Preferred gait speed was measured by 10-meter walk test. This test was repeated 3 times and calculated for the average values.
Body Flexibility
A Sit-and-reach box was used to measure body flexibility. [5] . Allow participants to practice in the 1st trial and record the other 2 trials. The value considered as the test result is the best value of 2 trials.
STATISTICAL ANALYSES
Changes in all parameters between Thai massage session and control session results were analyzed by independent t-test. Changes between pretest and posttest for both sessions were performed by dependent t-test. All statistical analyses were calculated by Stata 10 software (StataCorp LP, 4905 Lakeway Drive College Station, Texas 77845, USA) and presumed that there are no carryover effects. A P-value of less than 0.05 was considered statistically significant.
RESULTS
Thirty-five potential participants responded to flyers or word-of-mouth; 5 were excluded after screening for eligibility. A total of 30 adults met the inclusion /exclusion criteria and were randomly assigned to the treatment group and to the control group. A flow chart of participant progression through the trial is presented in Fig.15 The characteristic of the study population was shown in Table 1 . There were 17 females and 13 males. The mean age was 21 ± 1 years. The mean weight and height were 57 ± 9 kilograms and 166.10 ± 9.26 centimeters respectively.
Step length, stride length and sit and reach test showed significant improvement after Thai massage session. SLR test showed significant improvement after both sessions (Table 2) . However, Thai massage session gave better results in step length (P=0.015), stride length (P<0.001), SLR (P=0.006) and sit and reach (P<0.001) tests (Table 3) . 
DISCUSSION
This study showed that one session of 1-hour whole body Thai massage could provide immediate improvements on walking performance and flexibility, including step length, stride length, SLR and sit and reach, in normal adults with muscle tightness of hamstring muscles. Our results are consistent with previous studies reporting that Thai massage is able to improve lumbar flexibility and hamstring muscle length which tested by the sit and reach and the SLR test. [9] Thai massage, using deep pressure followed by passive stretching, is applied along meridian lines covers all taut bands of the whole body. The potential of Thai massage is stimulation of Golgi tendon organ and send to the spinal cord. Within the spinal cord, an inhibitory interneuron will release the neurotransmitter glycine then inhibit alpha motor neuron to inhibit stretch reflex and relieve muscle with tension. Thus, it affects to reduce pain, release the taut band in the tissues and help increase muscle length. This provides the muscles to have more flexibility [6] , [7] , [8] , [9] . Moreover, flexibility helps improve step length and stride length [10] .
As the immediate results of some gait parameters were not founded any differences after one session of 1-hour whole body Thai massage because of 3 factors including a number of Thai massage session, characteristic of participants and gait measurement.
Fig. 15 Diagram of study design and participants
One session of 1-hour whole body Thai massage could not provide a great result. Further study should investigate the multiple sessions on these effects. The characteristic of participants were healthy subjects with hamstring tightness. This is the reason for small changes after one Thai massage session. Further study should research in the other specific population such as older adults. Gait measurements in this study were to walk on preferred gait speed. Preferred gait speed is the normal pace of walking and it is not the maximal performance of participant. Further study should examine the effects on maximal gait speed [11] . Table 2 . Evaluation of outcome measures (mean±SD). Variables showing a significant difference between groups have been signed with *, ** and *** (p-value is 0.015, 0.006 and <0.001 respectively).
Parameter
Pre-A Post-A Pre-B Post-B
Step All data were pooled and analyzed without considering interaction effects of the result between each session. However, baseline data of both sessions were similar. Further study should analyze the data correctly with interaction effects of the result.
Although changings of a range of motion while walking of hip, knee and ankle were not significant. 
Post-test measurement
Post-test measurement Thai massage still provided little effects relate to the result that Thai massage helps improve flexibility and lengthen the muscle. [12] , [13] . Moreover, when muscles lengthened and reached the optimal resting length, it could produce the maximal force and improve mobility [14] .
CONCLUSION
According to the results of this pilot study, we concluded that 1-hour Thai massage session may provide some immediate improvement of gait parameters and flexibility parameters, especially for step length, stride length, SLR, and Sit-and-reach. In a further study, a randomized controlled trial and a long-term treatment with following up are suggested. The other types of participants such as older adults are also suggested 9. ACKNOWLEDGEMENT
